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conditional logic by mathematics teachers and students' conditional
reasoniny ability. Other objectives were to determine the
elationship between student mathematical ability and conditional

reasoning ability and the effectiveness of quantifying teacher verbal

hehavior with respect to time for speaking. Twenty teachers of
seventh grade mathematics were audio-taped for five classes each.

Those ranked as the top five (TWHR) and the lowest five (TWLR) in the
frequency of conditional moves were used to

for the testing of hypotheses, The students were administered the
"Cornell Conditional Reasoning Test" at the beginning and end of the

Semester. The TWHR students out-

performed TWLR students on the total

test, on suggestive content items, on negation items, and on the
principle "p only if q, not q 2 not p." Mathematical ability was
found to be highly correlated with the three fallacy principles of
denying the antecedent, asserting the consequent, and asserting the
converse, and with :the total test. No interaction of mathematical
ability and teacher frequency of conditional moves was found. The

length of time for speaking was not

closely related to the length of

the transcription. Results indicate that future studies of
adventitious learning could be useful to educational practices.
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THE IMPACT OF THE VERBAL ENVIRONMENT
IN MATHEMATICS CLASSROOMS ON SEVENTH GRADE STUDENTS'
LOGICAL ABILITIES
by
John William Gregory
The Ohio State University, 1972
Dr. Alan R. Osborne, Advisor

ABSTRACT

The study integrated amalyses of teacher verbal behavior and
psychological and linguistic analyses of the growth and development of
children's logical abilities. The major objective was to determine the
relationship between the frequency of utilization of the language of
conditional logic by mathematics teachers and their seventh grade
students snditional reasoning ability. This relationship was sought
in an effort to introduce research dealing with incidental learning on
the part of students resulting from the incidental instruction component

of teacher use of language. The temm adventitious learning was used to

describe this type of learning.

Two other objectives of the study were: 1) to determine the
relationship between student mathematical ability and conditional
reasoning ability; and 2) to determine the efficacy of quantifying
teacher verbal behavior according to assumptions that the length of
time taken to speak 1s closely related to the length of a corresponding

transcription ,
vii
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Each of the twenty teachers of seventh grade mathematics selected
by random procedures from a total population of eighty~four teachers
from a large metropolitan school system, had one of their classes

audio-taped five times. The Cornell Conditional Reasoning Test was

administered to the students enrolled in each of the selected classes
of the twenty teachers during the first month of school and again at
the end of the first semester,

Three trained analysts detemmined the teachers' frequency of
conditional moves in the five lessons. The teachers were subsequently
ranked on the basls of this analysis with the top five (TWHR) and
bottom five (TWLR) being used to identify student subjects for the
testing of hypotheses. These two teacher groups ylelded significant
differences ( p< .005) in frequency of conditional moves per lesson.

Multivariate analysis of covariance (pretest serving as the covar-
iate) was used to determi>~ significant differences ( p< .05) and to
adjust mean scores for ‘computing correlational coefficients. The TWHR
students out-performed TWLR students on the total test ( r = .429 ),
on suggestive content items ( r = .536) on items involving negation
(r = .519), and the principle "p only if q, not q ::g" (r=.422).
Mathematical ability was found to be hichly correlated with the three
fallacy principles of denying the antecedent ( r = .450), asserting
the coisequent ( r = .646), and asserting the converse ( r = .446) and
the total test ( r = .473). No interaction of mathematical ability and
teacher frequency of conditional moves was found.

It was found that the length of time it takes to speak is not

closely related to the length of the corresponding transcription,

viii




The results of the study indicate that future studies dealing with
adventitious learning can expect to yield evidence of broader impli-
cations for educational practices. Tn addition to the learning of
principles of conditional logic, other cognitive developments may be

found to be influenced by adventitious learning.

10
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CHAPTER I: INTRODUCTION

The Problem

The ability to reason logically has iong been held as a highly
desirable human trait. The study reported in the following chapters
attempts to discover correlates with this ability. The two variables
of concern in this study as possible correlates with student condi-
tional reasoning ability are those of teacher verbal behavior and
student mathematical ability.

Introduction and Need for the Study

There have been many studies recently wiiich have described the
teaching act in terms of the verbal behavior of teachers. These des-
criptive studies have been conducted as the necessafy preliminary step
toward developing a theory of teaching. But efforts to tie the des-
cription of cognitive aspects of teacher verbal behavior to cognitive
developments of students are notably absent. Several reasons can be
given for this void, but if greater knowledge relative to teacher
effectiveness ié to be gained, then this bridge is necessary.

The utilization of the language of logic has been found to be one
operant in th: verbal behavior of teachers in all subject areas. Class-
ification systems have been devised to assist in analysis of this com-
ponent of classroom discourse. However, certain problems have arisen
with regard to the overlapping of categories and situations in which

categorical definitions were found to be inadequate to ascertain the
1
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logical operation being utilized. The suggestion has been made by some
rescarchers to limit analysis to a single criterion to overcome these
problems and to ohtain what is felt to be a more valuable measure of
teacher effectiveness (25:70). This direction is taken by the present
study. Only the frequency of utilization of the logical cperation of
conditional inferring by teachers is considered.

The plausibility of learning occuring as a result of the utili-
zation is discussed at length in Chapter II. Bacically it is pointed
out that learning can occur in three distinct ways when considered in
relation to the intent of the teaching acts. Learning can be inten-
tional or incidental in nature. The difference is dependent upon the
student's set to learn to learn. Likewise, teaching can be intentional
or incidental. Teaching students square root, for example, could be
considered as intentionally taught and intentionally learned. The addi-
tion facts might be incidentally learned if the teacher intentionally
places the student in a situation which requires the student to become
familiar with the addition facts. That is, the teacher's intent is to
have the students learn incidentally with respect to the central activ-
ity. A third combination is termed '‘adventitious learning' by the
investigator in this study. Adventitious learning refers to incidental
learning which is incidentally taught. In this situation neither the
teacher nor the student is aware that learning is occuring. The acts of
the teacher serve as a model for learning by the students.

This study attempts to lend evidence that this type of learning

might occur. Eventually it is hoped that it can be shown that the
verbal behavior of the teacher has the effect of shaping student ordin-

12
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ary language into the useful logical reasoning component of critical
thinking. But this study is limited to examining the relationship
between the frequency of conditional operations in teacher verbal
behavior and student conditional reasoning ability. It would scem that
knowledge resulting from a study of this nature would be a worthwhile
contribution to both the bodies of knowledge from research dealing with
classroom verbal behavior analysis and the research domain of psychu-
logical and linguistic analyses of the growth and development of child-
ren's logical abilities.

Definitions of Terms

1. Category System: a method of classifying discourse relative

to the type of cognitive process the utterance is designed to convey.

2. Cognitive Processes: categories of thinking, identified in

hierarchical complexity as in Bloom's Taxonomy of Educational Objectives:

ggggitive Domain.

3. Frequency of Utilization of the Language of Conditional logic:

the average number of teacher utterances involving conditional logic

language.
4. Language of Conditional Logic: statements and questions in

which a condition is given and a consequent follows or is to be supplied.

5. Mathematical Ability: the ability to apply mathematical

skills and principles as measured by the California Comprehensive Arith-

metic Test--Level 3.

6. Ordi.ary Language: the language used in the ordinary course

of events as opposed to artificial language like those of arthimetic

and symbolic logic (46:195).
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Objectives

1. To describe the frequency of utilization of the language
of conditional logic by teachers of seventh grade mathematics.

2. To gain evidence indicating the existence of a positive
relationship between:

a. teacher utilization of the language of conditional
logic and student conditional reasoning ability,

b. mathematical ability and conditional reasoning
ability, and

C. student conditional reasoning ability and a com-
bination of teacher utilization of the language
of conditional logic and student mathematical
ability,

3. To infegrate the research domain of teacher verbal behavior
analyses and the body of knowledge emanating from psychological and
linguistic analyses of the growth and development of children's logi-
cal regsoning ability.

Hypotheses

1. The frequency of utilization of the language of conditional
logic by teachers of seventh grade mathematics is not related to their
students' conditional reasoning ability,

2. There is no relationship between mathematical ability and
conditional reasoning ability.

3. There is no relationship between student conditional reason-
ing ability and a combination of teacher utilization of the language

of conditional logic and student mathematical ability.
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Assum. ¢ ions

1. The five audio-tapings of the classroom discourse for each
teacher involved in the study is an adequate measure for significant
analysis.

2. Random selecton insures that the effects of variables such
as intelligence, motivation, mathematical ability, and teacher person-
ality traits will be randomly distributed across the initial sample of
twenty teachers.

3. The instruments chosen will assess the variables for the
purposes for which they are being used in this study.

Limitations

1. The presence of an observer and audiotape recorder during
the first few taping sessions may influence the utilization of the
language of conditional logic by particul.r .eachers being observed.

2. The group being taught may influence the teacher's use
of the language of conditional logic. |

3. The lesson (content, purpose) may influence the teacher's
use of the language of conditional logic.

4. The analysts' competence in using the category system is
limited by their understanding of the system and its guidelines.

Delimitations

1. The study will be limited to teachers and their students
of seventh grade mathematics from a large metropolitan school system

during the academic year 1971-1972.
2. Only the utilization of the language of conditional logic

by the teachers in the study will be analyzed.

15




3. Mathematical ability will be the only subject matter com-

petency measured and correlated with conditional reasoning ability.

Procedures

Prior to the beginning of the 1971-1972 school year, twenty
of the total of eighty-four teachers of regular seventh grade mathe-
matics in the Columbus Public School System were randomly selected to
serve in the study. These same twenty teachers administered the

Cornell Conditional Reasoning Test--Form X to their students enrolled

in one of their intact seventh grade mathematics classes selected by
the investigator. This September testing date was the same for all
students involved in the study.

During a three-week period, all twenty classes were audiotaped
five times. The audiotapes were transcribed and the verbal behavior
of the teachers was subsequently analyzed according to the frequency
of the language of conditional logic u:: .. Ten teachers weire selected
upon the basis of their assigned rank positions as a result of this
analysis. The one class of students for each of these ten teachers
served as subjects for the hypotheses testing.

Data on the mathematical ability of the students involved was

made available by the school system as measured by the California

Comprehensive Arithmetic Test--Level 3, administered in October of

the same school year.
Students were assigned to the selected treatments of mathemati-

cal ability and teacher frequency of the language of conditional logic

utilized.

16
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The second administration of the Cornell Conditional Reasoning

Test--Form X to the students on the same day during the final week of

the first semester, served as the post-test measure.

A description of the design of the study is as follows:

Math Ability
Above Average Average Below Average
High N=17 N = 61 N=36
Teacher's Rank
Low N=11 N=72 N =33
Dependent Variable: Post-test

Covariate: Pretest

Data were coded and processed with IBM 360 computer, using
programs from the Biomedical (BMD) Computer Program series (18:27):
02D, Correlation with Transgeneration; and using the MANOVA (Ohio
State University's version of the Clyde Multivariate Analysis of
Variance) computer program. Levels of significance are reported at

the .05 level.

{
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CHAPTER II: REVIEW OF THE LITERATURE

This chipter presents a review of three areas of literature.
The first is the body of knowledge emanating from psychological and
linguistic analyses of the growth and development of children's logi-
cal abilities. The second important research base reported is the
literature within the domain of analyses of teacher verbal behavior.
The third section of this chapter is devoted to a much needed discus-
sion regarding the feasibility of integrating the bodies of knowledge
reviewed in the first two sections. Much of the research involving
the analysis of teacher verbal behavior assumes an effect on student
learning. There has been little discuscion regarding how it effects
learning and what in particular is altered. The third section of this
chapter ié directed to the question of how, whereas at least in part,

and what is being affected.

CONDITIONAL REASONING ABILITY
Research dealing with conditional reasoning ability can be
divided into two areas: (1) investigations of the relationship(s)
between conditional reasoning ability and variables such as age, intel-
ligence, socio-economic background, language, etc.; and (2) studies in
which the investigator has attempted to promote student logical reason-

ing ability through formal instruction.



Conditiona} Reasoniqg_Correlates

Generally studies involving the relationship between conditional
reasoning ability and the static variables such as age, IQ, sex, and
socio-economic background, have been conducted within the research
domain of child growth and development. More recently the studies
have taken the approach of contributing to (or discounting) a particu-
lar developmental psychology learning theory.

Since knowledge of logic has been considered an intellectual
trait, it has often been assumed that a correlate of conditional rea-
soning ability is intelligence. Studies reported by Winch (70), Ennis §
Paulus (21), and Roy (57), found significant positive correlations
between inteiligence and logical reasoning ability. Others (e.g.,
White (67) and Glaser (27)) assuming the positive relatedness, have

r matched or blocked on I.Q. scores or have used I.Q. as a covariate in
L | data analysis.

Age appears to be highly related to logical reasoning ability.
However, there is disagreement as to the extent to which younger chil-
dr=n can reason logically. Bonser (10), Burt (15), Winch (70), Isaacs
(39), Schooley and Hartman (59), Woodcock (71), Miller (49), Hyram
(37), Hill (32), aad O'Brian 4and Shapiro (50) all report that subjects

of ages six threugh nine (or younger) can do at least some logical .

conditional logic, but have included them in conjunction with other
forms of logical reasoning. Therefore, the results have to be considered
as generalizations of logical reasoning ability. Description of the

' reasoning. These studies have dealt with some of the principles of

l

’ extent to which a subject at the age level considered has mastered con-
!
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10
ditional reasoning is also lacking. Despite these two drawbacks,
several of the recent Investigators cited above have claimed disproof
of the development of logical reasoning as purported by Jean Piaget.

Probably best known for his description of stages of intellectual
growth, Piaget (38) maintains that propositional reasoning ability is
not developed to any great extent until the age of eleven or twelve,
the beginning of the "formal operational" stage. Piaget's "'proposi-
tional reasoning" goes beyond the twelve principies of conditional
logic listed on page 49, in that it includes alternation, disjunction,
and conjunction. The following quote testifies to the fact that con-
ditionals constitute g major feature of propositional logic and are
central to the ability of operation at the formal operational stage.
"Formal Operations, therefore, consist essentially of 'implications'
(in the narrow sense of the word) and 'contradictions' established
between Propositions which themselves €xpress classifications, seria-
tions, etc." (53:217). Other features of Piaget's formal operations
in contrast with the conditional logic of concern in the investigation
in this report are fully discussed by Ennis and Paulus (21), pages V-1
through V-9,

Although Piaget indicates.that logical reasoning is not mastered
by the age of 11-12 he does not report the degree of mastery possible
at this age.

The question of mastery has been investigated by Emnis and

Paulus (21). Utilizing an instrument designed to measure an individual's

awbm&u;&m:ag 1 Rl e e, L,




11
subjects were from grades five, seven, nine, and eleven, they report
finding no distinct stages of growth as suggested by Piaget. But
"larger jumps [were] found from the fifth to the seventh grade."
(21:V-15). This "spurt" of development in conditional reasoning ability
could be only partially explained by differences in I.Q. (a nine-point
difference favoring the seventh grade subjects). With regard to mastery,
they found that for all but four of the principles, rovghly half of the
seventh grade subjects had exhibited mastery (defined as answering cor-
rectly to five out of six items pertaining to each principle or combi-
nation).

In addition to differential performance on the principles, their
test was designed to measure differential development in terms of three
types of item presentation content. The three content components
included in their test are:

1. Concrete familiar content--content with which the subject

is associated but has no reason to believe to be true or
false.

2. Symbolic content--content in which letters replace terms
that refer to particular objects in the premises and con-
clusion.

3. Suggestive content--content which is familiar and whose
truth-status is known to the student.

No significant differences were found to exist between the content
component effects at any age.

Unlike age and intelligence, the variables of sex and socio-

economic status have been found to have little if any relationship with

Pa |




12
conditional reasoning ability (Burt (15), Miller (49), Hill (32),
LEnnis and Paulus (21), Howell (34)).

Outside the realm of psychological analyses there have been
investigations of the role of linguistics in the child's logical rea-
soning development. As presented in the writings of Whorf (68), lan-
guage, conceptual structure, and power to think are intimately related.
The research in this area has not sought statistical coefficients to
explain the degree of relationship. Instead, as pointed out by Brent
and Katz (13), the task has been to find to what extent a person's
languag: determines his ability to make relational discriminations,
i.e. to solve problems by responding to the relationships between cues
called conditional discriminates (13:2).

Utilizing the narrative discourse technique of "aussage psychol-
ogie" (the stimulus is a picture of familiar content to the subject),
Brent and Katz (13) report that from ages 6-7 to 11-12, there is a
marked increase in ''the ability clearly to verbalize causal and tem-
poral relationships. . .'(13:3). Their results indicate consistent
progression of the child's understanding of logical connectives which
he uses spontaneojsiy. This progression moves from concrete use in
speech, to recognizing correct versus incorrect usage in the language
of others, to explaining the rule underlying that usage. They comment
further that meaningless memorization of rules may actually interfere
with the ability to think.

Hunt (36) noted that the use of the term "when" to introduce a

conditional decreases sharply from fourth to eighth grade being

s



13
replaced by the more logically formal term "if'' with marked increase
in frequency of its utilization in the twelf(th.

Several investigators have devised and tested language enrich-
ment projects to show the role of language in structuring logical
thought (Brazziel and Terrell (12); Baltimore Public Schools (4);
Feldman (23); Bereiter (7); Haywerser, Massari, and Meyer (30; and
Blank (9)). Most of the programs have succeeded in promoting I.Q.,
language ability, and problem solving abilities including those
involving conditional discrimination.

Training in Logic

To say that the mathematics curriculum has undergone major
revision would be an understatement. One change that is becoming more
evident is the emphasis on formalism and the structure of mathematical
systems. Many new junior high (and some elementary school) mathemat-
ics textbooks have included a chapter on formal logic. Whether or not
this move o~ the part of textbook authors has been to promote non-
mathematical logical reasoning capabilities is uncertain, but arguments
as to the place of formal logic in the mathematics curriculum have
arisen.

Exner (22) arguing for including formal logic feels that it is
important for the college-bound student who intends to take higher
level mathematics courses. But he discounts its effect on the develop-
ment of logical reasoning ability by suggesting that formal logic
should not be a curriculum component for those not needing as much
“proof theory" as one who continues in mathematics (22:395). Hilton

(33) speaks directly to the question of non-mathematical reasoning
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14
development being facilitated by a unit in formal logic, ". . .I would
not accept the argument that the topic (formal logic) justifies itself
because it teaches the student to think logically. . .'" (33:389). So
it appears as if the inclusion of a unit on formal logic, when it is
included at all, is for mathematical reasoning purposes. Attempting
to instill greater logical thinking in students by including a chapter
on formal logic may not be well founded if the following studies are
considered.

Utilizing the Watson-Glaser Critical Thinking Appraisal, Williams
(69) found that a five-week unit on symbolic logic was not superior to
a unit on number systems for improving critical thinking skills of
freshmen mathematics students. In a similar study, Roy (57) taught one
twelfth grade advanced algebra class a unit on logic and proof. He
found no significant differences in ability to determine the validity
of arguments or to prove theorems using the principle of mathematical
induction between this group and a control group presented a unit on
the nature of an axiomatic system. Although he concluded that the study
of mathematical logic had little or no effect on the ability of twelfth
grade students to determine the validity of arguments, it could be
argued, as was found in the Williams study, that the mathematical con-
tent had an effect of increasing the control group's ability to the
same degree as that of the experimental group.

In the second phase of their study, Ennis and Paulus (21)
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attempted to determine the age at which student conditiorzl reasoning
ability could be enhanced through instruction in conditional logic.

Each of the twelve principles found in their test were taught to students
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in fifth, seventh, ninth, and eleventh grades. The instruction
involved forty to fifty minutes a day for fifteen days. They did not
find much overall improvement until grade eleven. In grade seven,
there were no significant differences on any of the principle or con-
tent component post-test scores between groups taught logic and those
not taught logic.” They present (21; VI-15) several alternate hypothe-
ses for the non-significant findings at the early secondary level for
variables not accounted for and which need further investigation.
These may be summarized:

1. Other school influences--teacher effectiveness in terms of
both content presentation and interaction with students;
inherent characteristics of groups due to assignment by
other than random procedures; other subject matter course
work which requires abstract learning.

2. Influences outside of school--parental and other environ-
mental influences.

3. Maturation that does not depend on contributions from
the environment.

In summary, several generalizations can be made of the findings
reported in this section. Age and intelligence are the only variables
which have been found to have significant correlations with the ability
to apply or recognize correct use of the principles of conditional
logic. While there is disagreement with regard to the degree of mas-
tery, there seems to be a consensus of opinion that at least by the
seventh grade (age 11-12), children exhibit some conditional reasoning

ability. It is suggested further (Piaget, Ennis § Paulus) that this
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age group exhibits the unique quality of greater increase in this
ability than at other ages.

Other investigators have found that teaching formal logic to
this age group appears to be of no value; that other envirommental
and scholastic influences appear to be present.

Still others are working under the assumption that the relation
between language and logical thought is a strong one. The outside
influences referred to by those instructing students in logic may be
at least partially explained by improvements in linguistic capabilities

of students.

TEACHER VERBAL BEHAVIOR
In tune with the findings reported in the section above, educa-
tional researchers desirous of developing a theory of instruction feel
that the combination of curricular materials, environmental influences
and teacher effectiveness in presentation of materials interact to
achieve the intentional aim of teaching: learning by students.

The question of teacher effectiveness has been asked by some

educational researchers in terms of pedagogy or didactics. For example,

in relation to logical reasoning development, a study by Hannemann (29)
soughc to find the effects of two methods of instruction on sixth grade
pupil reasoning ability. Social studies classes were either taught
using the "inquiry method" or the "traditional approach." No signifi-
cant differences existed after treatment between the logical reasoning

abilities of the two treatment groups.
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A more recently developed area of research has been involved
with isolating one element of the complex task of teaching, namely
the verbal interaction between teacher and student, for amalysis. The
utilization of language by the teacher is considered to be especially
important. Aschner puts it this way (1:124):

The language of teaching is the language of responsible action
taken to influence behaviors of those under instruction. The
teacher's two fold dealings with language in the classroom
cast him in the role of strategist and tactician in the cam-
paign for learning. First he acts with language, using it in
the performance of almost all those actions describable as
teaching. Secondly, the teacher studies and interprets verbal
action; he observes what his pupils say and do under instruc-
tion. He does so in order to predict--diagnose and adapt his
teaching to the pupils' present state of comprehension and
progress in learning, to appraise the quality of their reason-
ing, and to assess their emotional reactions to the situation
of the moment. The teacher's control over his dealings with
language thus determines in large measure his success (or
failure) to induce the educational results for which we send
our children to school.

This quote serves as an introduction to this section of related
literature which will report procedures and results of teacher verbal
behavior research.

Descriptive Studies of Teacher Verbal Behavior

Studies in the domain of teacher verbal behavior analysis have
generally been separated into those dealing with affective characteris-
tics and those dealing with cognitive characteristics. Although it
seems more feasible that cognitive aspects of teacher communication
skills are related to cognitive developments in their students, this
does not rule out the possibility of affective characteristics being
involved. However, a study by Measel (48) may serve to discount this

possibility. Investigated was the relationship between teacher verbal
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bchavior and levels of thinking (based on Taba's system of Cognitive
Tasks) of sccond grade students as expressed in their verbal behavior.
Using the affective characteristic discriminates as set forth in
Flanders' System of Classroom Interaction Analysis, teachers were
determined to be either Direct or Indirect and grouped accordingly.
The results showed that when these two groups were compared, there
was no significant difference in pupil utilization of the higher
levels of thinking. Of greater importance, the results showed that
pupils tended to respond at higher levels of thinking when teachers
functioned at those levels.

Gallagher, Aschner, and Jenne (26) report similar results of
théir analysis of the cognitive verbal behaviors of teachers and
students. Using Guilford's Structure of the Intellect model, they
report increased divergent production by gifted high school students
in English, science, and social studies classrooms resulting from a
slight increase in use of divergent questions by teachers.

Wright and Proctor (72), Smith and Meux (61), Bellack (6),
Gallagher, Aschner, and Jenne (26) have all reported that conditional
inferring constitutes a portion of teacher verbal behavior regardless
of subject matter content. The findings of Smith and Meux (61) have
been the only ones found which exhibit actual frequency of teacher
utilization of this specialized language of logic. And they appear
to support the contention that teachers of mathematics utilize condi-
tional inferring more than teachers of other subjects. This investiga-

tion suggests greater homogeneity of results will be achieved if obser-

vation of the language of logic is limited to one subject area only.
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Taking this direction, Fey (24) analyzed the verbal communica-
tion in seventh grade mathematics classes in terms of source, peda-
gocial moves (four categories), duration, content (21 categories),
mathematical activity (14 categories), and logical process (11 cate-
gorees). Fey found that the structure and content of mathematics
exerts a definite influence on the pattern of discourse. Comparing
his results with those of Smith and Meux (61) and Bellack (6), the
patterns of verbal activity in mathematics classes differs in several
ways from those characteristic of other subject matter classrooms.

The differences appear to arise from the finding that each utterance
about mathematics serves a mathematical purpose by further development,
examination, or application of mathematical system.

It is interesting to note that Fey encountered certain major
problems in coding logical processes. One difficulty arose from cer-
tain ambiguities in his operational category definitions of logical
process. For this reason, the findings of his study do not include
teacher utilization of the language of conditional logic. Further dis-
cussion as to the nature of this problem is included in Chapter III.

Of the few studies dealing with cognitive verbal behavior of
teachers, fewer have reported frequency of teacher utilization of the
language of conditional logic. Therefore, the findings reported thus
far must be accepted as tentative.

These descriptive studies have shown that part of the language
of teachers involves conditional logic items. As Smith and Meux (61)
found, the most frequent utilization of this type of language occurs in

mathematics classrooms. Further, it was found (Fey (24)) that a dis-

29




20
tinct pattern of classroom discourse is apparent in mathematics classes
and students tend to follow the language patterns established by their
teachers (Measel (48); Gallagher, Aschner, and Jemne (26)).

It would now be appropriate to have a section entitled 'Teacher
Verbal Behavior--Experimental Studies.' However, all experimental
studies examined in this area either deal with the affective domain or
are ones in which the investigator had selected a particular verbal
behavior characteristic of teacher effectiveness and'sought to modify
teacher behavior to include or emphasize it, assuming that a positive
effect on student learning would result. More aptly put, '. . .there
is yet to be constructed a sturdy bridge between the science of learn-

ing and the actual management of instructional dialogues." (Jahnke

Any engineer faced with the task of constructing a bridge must
first deal with the question of plausibility. This section reviews
literature which makes credible any attempt to integrate the research
domains of analysis of teacher verbal behavior and psychological and
linguistic analysis of the growth and development of children's logical
abjlities.

Language and Logic

It is rarely nccessary to define language since it is as natural
to man as is swallowing and breathing. But language will serve as the
gauntry in the bridge construction which is to follow. Therefore, it

(40:187)).
SHAPING STUDENT ORDINARY LANGUAGE
; is important to start with a formal definition. The definition extended

30




21
by Sapir (58:8) will serve nicely: 'Language is a purely human and
non-instinctive method of commmicating ideas, emotions, and desires
by means of a system of voluntarily produced symbols.'" This defini-
tion will find much agreement from the reader but there is one point
worthy of note. "Non-instinctive method' means langu:iye, unlike swal-
lowing and breathing, must be learned. In the same article presenting
the definition, Sapir explains that language is an acquired '"cultural"
function. He points out that if the society were to be eliminated,
there is still reason to believe that man would learn to breathe.

"But it is just as certain that he will never learn to talk, that is,
to communicate ideas according to the traditional system of a particu-
lar society." (58:4). Furthermore, speech varies ''without society
assignable limit'" as do ''the religions, the beliefs, the customs, and
the arts of different peoples.' (58:4).

Explaining the differences in languages of different peoples
has been the concern of Benjamin Whorf. He and others have found that
not only is language a cultural function but language shapes man's
senses and thoughts:

It was found that the background linguistic system (in other
words, the grammar) of each language is not merely a repro-
ducing instrument for voicing ideas but rather is itself the
shaper of ideas, the program and guide for the individual's
mental activity, for his analysis of impressions, for his
synthesis of his mental stock in trade.

(68:62)

The findings of Brazziel and Terrell (12), Bereiter (7) and
others cited above, that language enrichment projects have promoted

logical thought can now be seen in a clearer light. As the child's

ordinary language is shaped to conform to a more mature language of his
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Culture, his logical thought processes are being developed as well.
Suppes (63) attributes the findings of the study by Hill (32) cited
above, that young children can do some logical reasoning to the rela-
tionship existing between a child's ordinary language and his ability
to reason.
To avoid any possible confusion it should be borne in mind that
it is not claimed that this study shows that young children are
able explicitly to state formal principles of inference. What
is claimed is that their grasp of the structure of ordinary lan-
guage is sufficiently deep for them to be able to make use of
standard principles of inference with considerable accuracy.
(63:42)
Given this relationship between an individual's language and his
logical reasoning abilities, the next step is to discuss ways in which
these attributes are learned.

Intentional and Incidental Learning

Generally learning is discussed on only two levels--intentional
or incidental. Intentional learning is learning which occurs with
explicit instruction or desire to learn. It refers to learning which
an individual consciously attempts to learn. Incidental learning is
any learning which occurs without explicit instruction or conscious
desire to learn (47:369).

Intentional learning is usually the type under consideration in
discussion of the classroom. It is usually transmitted in explicit
tcrms {rom the teacher to the student, either orally or in writing. The
classical incidental learning experiment in psychology exposes the sub-
ject to stimulation under conditions which "seem' to exclude motivation
to learn and then by testing, detemmines whether or not learning has

occurred. The word 'seem' is used considering findings of some studies
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(cf., Jenkins (41), Postman § Senders (54)) that covert scis, not
necessarily reportable by the subjects, may be operating to produce
learning.

Several studies of this type (Shellow (60); Jenkins (41); Biel
and Force (8); Postman and Senders (54); Tolman (64); McGeoch (46);
Bahrick (3); Brown (14); Kausler, Trapp, and Brewer (43); Kausler and
Trapp (42); Hetherington and Banta (31); Baumeister (5); and Phye (52))
have shown clear evidence of incidental learning. Overt verbalization
by subjects was not found to be a factor influencing this type of
learning. (Brown (14)). The attention of educators and educaticnal
researchers in several different subject matter fields has been d.rawn
to incidental learning. In reading research, or prose learning
research, the terms relevant and irrelevant learning are used inter-
changeably with intentional and incidental learning, respectively. The
concern has generally been the role of questions in learning prose
material. Both question pacing (insertion of questions after specified
amounts of prose material) and question frequency have been found to

affect both relevant (intent of the written material) and irrelevant

(incidental to the main intent of the material) learning (cf. Koran and
Koran (44), Boyd, (11), Quellmalz (55)).

On at least three different occasions within the last fifty
years the role of incidental learning in arithmetic instruction has been
the concern of mathematics educators (51). Here, the two teaching
approaches have been termed 'formal instruction' and "incidental learn-
ing." Formal instruction refers to systematic instruction via lecture

and drill techniques. Incidental learning of mumber facts was to
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result from student participation in projects and activities. The idea
has been that children will learn as much arithmetic as they need in
order to complete an activity unit.

The "core-curriculum' movement of the late forties and early
fifties is one example of the occurrence of great debate among mathe-
matics educators with regard to incidental learning. Current mathe-
matics curricula exhibit the decline of interest in incidental learn-
ing of mathematics.

It is interesting to note that in all of the above references
concerning incidental learning, it has been intentionally induced; that
is, consciously directed by those in the role of instructor (the psy-

chologist, the reading specialist, the mathematics educator). Might

_there not also be a third level of learning which would involve ''inci-

dental instruction' (that is, instruction occurring without the intent
of the instructor) and incidental learning on the part of the subject-
student?

A Learning Triad

It was stated above that in most literature, only two types of

learning are discussed. In a book entitled The Silent language, Edward

Hall (28) posits that there are three levels of human behavior. He dis-
covered this tripartite thebry through observation of the ways in which

Americans talk about and handle time. Formal time refers to the every-

day, well-known concept of time by which man works and functions.

Informal time involves rather imprecise, situational uses like "in

awhile," "just a minute,'" and "later." Technical time is seen in terms

of measurement; the type utilized by the scientist and technician.

24
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Extending this discovery to include many behaviors of mankind,
Hall discusses three types of learning. Technical learning is that
type of lcarning which has already been referred to as intentional
learning. It involves explicit direction and instruction to learn.
Formal learning does not refer to the usual conceptior. of formal learn-
ing, that is, intentional learning. Instead, it refers to a special
type of incidental learning in which instruction is conveyed through
precept and admonition. Hall writes: ''The adult mentor molds the
young according to patterns he himself has never questioned. . . .
Formal patterns are almost always learned when a mistake is made and
someone corrects it.'" (28:69-70). The instructor consciously attempts
to shape the child's understanding to conform to patterns and under-
standings implicit in his culture.

Informal learning, as defined by Hall, provides credence to dis-
cussion of the third type of learning referred to above as "incidentally
taught'" and "incidentally learned.' The principle vehicle of instruc-
tion which ellicits informal learning is a model used for imitation.
Hall writes: 'Whole clusters of related activities are l:zarmed at a
time, in many cases without the knowledge that they are being learned
at all or that there are patterns or rules governing them." (28:70).
Note that the reference to learning without the knowledge that they are
being learned implies nescience on the part of both instructor and
learner. The types of behavior which are passed on in this way are
mmerous and varied. "Entire systems of behavior made up of hundreds
of thousands of details are passed from generation to generation, and

nobody can give the rules for what is happening. Only when these rules
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are broken do we realize they exist.'" (28:71). That this quote is true,
consider cultural rules at work regarding social amenities. Very few
people can state the rule for "first naming." But upon reaching adult-
hood, most persons react in the pattern set by their culture. If not,
then there is a sense of incorrectness and uneasyness accompanying the
situation which follows. Hall gives several other examples: ''Everyone
has seen small boys mimic their father's walk or imitate a television
hero or, at worst, mimic some unsavory character who hangs out at the
corner drugstore.'" (28:71).

Many acts which contradict cultural rules which are passed on
by informal learning are sometimes referred to as "unspeakable.f The
discussion thus far indicates that the rules themsel&es are more often
than not unspeakable in that they camnot be stated explicitly.

Teacher Verbal Behavior, Logical Reasoning and the Learning Triad

The bridge framework used in this study is near completion. All
that is needed is to tie in teacher verbal behavior and student reason-
ing abilities to this more general framework. The discussion will now
attempt to show how teacher verbal behavior has been used to instruct
children in logic at all three levels of Hall's learning triad. The
labels for these types of learning wi.l be changed to coincide with
the terms most frequently used in educational circles. Intentional
learning will be used to convey Hall's concept of technical learning;
his ""formal learning' now becomes "incidental learning'; and a new
label, "adventitious learning,' will be discussed in line with Hall's
"informal learning." Parenthetically speaking, the author dislikes hav-

ing to introduce new jargon into the picture. It is necessitated by
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a desire to clarify the differences between the two types of inci-
dental learning under discussion.

The language of teaching has already been referred to as ''the
language of responsible action taken to influence behavior of those
under instruction." This will be true for both intentional and inci-
dental learning but will not necessarily be true for adventitious
learning.

The language of instruction in intentional learning includes
stating of objectives, rules, and directives explicitly. In teaching
the principles of logic as a separate content unit, as was the case in
the studies of Emnis and Paulus (21) and others cited above, inten-
tional learning was the goal. The findings of these studies indicate
that conditional reasoning ability, at least for younger children, is
not significantly enhanced by intentional learning.

One finding of the study by Hill (32), although not specifically
designed to teach logical reasoning, serves as evidence of incidental
learning of the application of princijles of conditional logic. She
found that a reinforced group which was told the correct answer after
each response on an orally administered test of logical reasoning, scored
significantly higher than a non-reinforced group. She writes: ". . .
the children who are told the correct response can be said to have
learned the logical principle involved and applied it to later items."
(32:77). Note the similarity to elements in Hall's definition that

patterns are learned incidentally '"when a mistake is made and scineone

corrects it."




28

Aylesworth and Reagan (2), in their text Teaching for Thinking,

suggest this teaching strategy as a means to helping students develop
the habit of critical thinking (of which the ability to apply princi-
ples of logic is an integral part).

If we are to encourage learners to develop skills in critical
thinking, part of our task is to aid them in identifying and
avoiding mistakes in reasoning. . . . This does not mean that
we need more courses in logic, but that logic could and should
be taught as a part of other subject matter and recognized as
a crucial part of the critical-thinking process. (2:83)

They are saying that logic can be learnmed incidentally if teachers make
conscious efforts to correct fallacious arguments and invalid conclu-
sions of students.

Exner (22), cited earlier as a proponent of teaching formal
logic to advanced mathematics students, concedes that logic may be
taught by alternate strategies. He writes:

It is quite possible to develop logic informally and use it to
deal with certain formal aspects of mathematics. By informally,
I mean here that one doesn't seek a minimum axiomatic basis

from which the theorems of logic will follow rigorously, but
rather one accepts a much wider base, guided by the applications

one wants to make and by the linguistic experience of the chil-
dren. (22:394)

The use of the term "informal" can be seen to coincide with the concept
of incidental learning. The teacher verbal behavior involving explana-
tions, questions and other logical functions (or '"logical operations,"
to use B. O. Smith's description) instills learning logical principles
along with the development of the mathematics lesson.

Exner also refers to the second type of incidental learning dis-
cussed earlier and classified as "adventitious learning" by the writer.

He sees linguistic experience of the children as a determining factor
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in the acquisition of logical reasoning ability via this learning
type.

Adventitious learning is being used to classify this second
type of incidental learning. As stated before, this learning type is
characterized by nescience on the part of both instructors and students.

According to the dictionary, 'adventitious" is defined as:
added extrinsically; not essentially inherent; acquired, accidental,
or casual." Therefore, this is just another way of saying incidental
but emphasis is placed upon acquisition by accident. That is, the
teacher does not plan to have the material which is learned in an
adventitious manner to be learned either intentionally or incidentally
(as defined above). Whereas the verbal behavior of the teacher which
characterizes strategies to induce the other types of learning, all
verbal behavior of the teacher may be considered to be related to
adventitious learning. The type of naterial learned in this mamner has
already been discussed in general with regard to Hall's "informal learn-
ing." Argument that logic can be learned adventitiously draws upon
Hall's comments that patterns and rules are learned from models. The
model takes the form of the verbal behavior of the teacher.

Findings of studies involving the relationship between linguis-
tics and logical thought have already been cited (cf. Sapir (58), Whorf
(68)). Smith (62) describes different teacher roles within the frame
of thinking. The teacher is player, coach, and often referee. The role
of coach and referee fit the role as discussed under the heading inci-
dental learning. But in all three roles, the teacher's utilization of

language can serve as the model which shapes student ordinary language
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(to use Suppes' term) to conform to the formal language needed to rea-
son logically. Smith (62:228) writes:

Consider the case of a child learning his mother tongue. As

he does so, the child's sentence structure will conform to

that of the adult's. The child is not aware of such things as

linguistic rules. In the same way, the child's reasoning may

be said to conform to the rules of logic. His sentences may

express valid arguments. This is rarely the case at an early

age, but as the child progresses through the elementary school,

he begins, though unconsciously and irregularly, to take on

the forms of valid reasoning. In conforming to the rules,

the child's reasoning is valid though the idea never occurs to

him that he should reason validly. He cannot verbalize the

rules of thinking, Hence, his reasoning has not reached the

threshold of conscious control. Now in cases of this sort we

Can say that the extent to which rules are satisfied at all,

they are satisfied only by unconsicous accommodation of

behavior.
There is only one thing with which this author can find fault in this
quote. Smith has tried to draw an analogy between learning of the
"mother tongue'" and learning rules of logic. This author purports
that the two are intimately related, at a much higher level than that
of analogy.

This proposition also gains s pport from the findings of
Gallagher, Aschner, and Jenne (26), and Measel (48) that students used
the verbal behavior of the teacher as a medel for their own language
utilization. Further, the model and resultant "mimicry" involved lan-
guage of logic in terms of higher level thinking processes.

Much more can be said about this type of learning termed '"adven-
titious learning'" with regard to patterns or rules other than those of
logic. But the purpose of this study is to determine if there is a
relationship existing between teacher utilization of the language of

logic and student logical reasoning ability.
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SUIMMARY
The review of the literature has indicated three possible ways
of constructing a bridge between descriptive analyses of teacher ver-
bal behavior and student logical reasoning ability. They are consider-
ation of intentional, incidental and adventitious learning. The latter
two methods, in view of research cited, seem to hold greatey‘prmnise
than the first. To the knowledge of this author, neither of these two
directions have been investigated. But instruments have been developed
to assist in the description of teacher utilization of the language of
logic. Hence, it would seem appropriate to start with an investigation
of adventitious learning. At least an investigation should be con-
ducted to determine if the teacher's utilization of the language of
logic as a possible operant or stimulus for adventitious'learning is
related to student ability to apply the principles of logic. In addi-
tion, it seems particularly appropriate to investigate the relationship
between teacher utilization of the language of conditional logic and
seventh grade student conditional reasoning ability for two reasons:
1. Conditional reasoning is central to ability in other
forms of deductive reasoning (20).
2. The literature reports unique features of the ability
to reason wifh respect to this type of logic at this
age level.
Further refinement is also indicated by the literature for a
study of this nature. It was reported that mathematics content and,
hence,mathematical ability may have been at least partially responsible

for non-significantdifferences between groups after logic was inten-
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CHAPTER III: METHODOLOGY

Introduction

The central concern of this study was to determine to what
extent the frequency of utilization of conditional moves by teachers
of seventh grade mathematics and student mathematical ability are
related to student conditional reasoning ability. This chapter pre-
sents discussion of the five basic procedural phases which led to the
results reported in Chapter IV. These procedures took the form of
the following phases:

Phase I: A. Selection of twenty teachers of

seventh grade mathematics and one
of their seventh grade mathematics
classes.

B. Administration of the pretest and
test of mathematical ability to all
students enrolled in the selected
classes.

Phase II: A. Audiotape five lessons for each of

the twenty selected classes.

B. Transcription of the one hundred

audiotapes.

43

. P - e W e e




34
Phase ITI: A, Analysis of the tapescripts.
B. Training of tapescript analysts.
Phase IV: A, Administration of the post-test
| to all students enrolled in the
twenty selected classes.
B. Administration of a critical think-
ing test to the teachers involved.
Phase V: A. Selection of population for hypothe-
ses testing.

B. Data analysis.

PHASE 1

Since the variable of teacher verbal behavior was to be selected
rather than induced, a sample of twenty teachers was randomly selected
from a frame of eighty-four teachers of regular seventh grade mathe-
matics employed by a large metropolitan school system. The term "regu-
lar'" refers to the type of assignment procedures used by the schools to
assign students to seventh grade mathematics classes. Based on test
scores in areas of reading ability, mathematical ability, intelligence
and recommendations of sixth grade teachers, the students were assigned
to honors, regular, or modified sections by school officials. Only
those classes considered to be "regular' were used in this study with
the intention of gaining greater homogeneity of variance on criterion
measures for contrasts between groups.

The random sample consisted of nine men and eleven women

teachers. The ADC percentages for the schools involved, which appear
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in Table 18 in Appendix B, yield evidence that fourteen of the twenty
arc below the average 12 percent of the entire school system,

Additional information regarding the teachers is provided in

Table 19. Given are the teachers' scores on the Watson-Glaser Critical

Thinking Appraisal and the corresponding percentile ranks based on the

scores of all masters candidates at The Ohio State University for the
period 1965 to 1970. Four teachers scored in the bottom third, five
in the middle third, and eleven in the top third.

One class of each teacher was chosen upon the basis of its meet-
ing time to provide ease in scheduling of taping sessions. On ome day
during the first month of school, the four hundred fifty-five students
enrolled in one of the twenty selected classes were administered the

Cornell Conditional Reasoning Test--Form X (19). This test which

served as the pretest for this study was designed to measure the
ability of students to apply twelve basic principles of conditional
logic. Three different content types of items (concrete familiar,
symbolic, and suggestive) are used for each principle. These have
been described earlier (page 11). A description of the test appears
in Appendix A.

As part of the regular testing program of the city school system,

the California Comprehensive Arithmetic Test--Level 3 (16) was adminis-

tered to all seventh grade students on one day during the second month
of school. The scores achieved by the students enrolled in the twenty
classes on this test were used to determine mathematical abilities.

This test is also described in Appendix A.
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Audio-tapes of five lessons of each of the twenty teachers
selected in Phase I were obtained during a three-week period during
the month of October. The lessons were those presented to the one
selected class of each teacher. The five audio-tapes served as the
B;sis of a representative sample of the teacher's verbal behavior.

Each teacher had agreed to allow an observer to enter the class-
room to audio-tape the lesson realizing only that the investigator
would be looking for "certain linguistic patterns." They were con-
tacted prior ito each audiotaping session on a day-to-day basis to
assure the observer that a lesson would be presented. Scheduling of
tests, assemblies, etc. were not changed to accommodate the taping
sessions.

Taping during the early portion of the year had the effect of
yielding greater homogeneity of the mathematical content of the lessons
taped. For the most part, a chapter covering prime factorization,
from the same textbook, served as the basis for the discourse in the
classroom lessons which were taped.

The five tapings were scheduled as close together as scheduling
would allow in an attempt to limit any possible effects of an observer
being present in the room.

In addition to attending the microphone and tape recorder, the
obscrver made detailed notes of ail writing done at the chalk board.

These notes were used to assist in transcription of the tapes.

The transcriptions w-~ typed according to the following stipu-

lations:
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1. No more than sixty spaces of type appeared on
any oic line.
2. All "group audible' teacher verbal behavior
was transcribed.
3. No abbreviations were used. (Number words were
used instead of symbols.)
The utilization of only sixty spaces of type aided analysis of teacher
verbal behavior, as explained in Phase III. Group audible teacher
verbal behavior refers to utterances of the teacher which are of such
volume that the entire class would hear them. This verbal behavior is
not necessarily group directed. For example, if the teacher was
reprimanding a student during the presentation of the lesson, then
the class usually became silent and was able to hear what the teacher
was saying. However, when the teacher had given the assignment and
was talking to an individual student at the student's desk, generally
the rest of the students were not able to hear what was being said.
Verbal behavior of the latter type was not transcribed since the con-
cern of the study involved the impact of the teacher's verbal behavior

on the entire class.

PHASE 11T

Analyses of teacher verbal behavior in past studies have used
category systems iﬁ which the categories are all encompassing and
mutually disjoint. There were two reasons for not following this

global pictorialization procedure. First, if teachers do shape the

ordinary language of students in ways described in Chapter II, one
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component of teacher verbal behavior which could be related to student
conditional reasoning ability is the frequency of utilization of the
language of conditional logic. Second, if more dependable and meaning-
ful information about teacher behavior correlates is to be gained,
then analyses taking a less global view of teaching are needed. Gage
(25) refers to this idea as "microcriteria of effectiveness."

Rather than seek criteria for the overall effectiveness of

teachers in the many, varied facets of their roles, we may

have better success with criteria of effectiveness in small,

specifically designed aspects of the role. Many scientific

problems eventually have been solved by being analyzed into

smaller problems whose variables were less complex (25:120).
Research of this nature is analogous to the investigations by labora-
tory scientists who contribute to the building of broader scientific
theories by making discoveries in which the concern is minuscule.

Therefore, each lesson tapescript was analyzed utilizing only one
category of the Smith and Meux (61} classification system. Their
system was designed to analyze teacher questions according to "logical
operations." Logical operations refer to ". . .the forms which verbal
behavior takes as the teacher shapes the subject matter in the course
of instruction.” (61:2). One other modification of their system
utilized in this study involved extending the category of '""conditional
inferring'" from questions only to include statements.

Before a category system can be used, a unit of discourse must be
determined. Although the Smith-Meux Classification System was being
used, it was decided not to use their unit of discourse, the "episode."

Their utilization of the "episode," defined as ". . .the one or more

exchanges which comprise a completed verbal transaction between two or
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more speakers,' (61:14) led to unreliability in judging of their tape-
scripts. Two types of difficulties arose. One type was the overlap-
ping of categories within one episode. The second type of difficulty
was the fact that for some episodes, ''. . .neither the whole entry nor
any significant part of the entry seems to satisfy the criteria of any
category." (61:46). For these reasons, another unit of discourse had
to be selected.

In one of the very few studies in which cognitive aspects of
mathematics teacher verbal behavior is analyzed, Fey (24)used a unit of
discourse originally defined by Bellack (§) called a 'pedagogical move.'
As Fey points out:

The pedagogical move used by Bellack is an uninterrupted utter-
ance or partial utterance of a single speaker which serves the
pedagogical purpose of structuring the discourse, soliciting
information or action, responding to a solicitation, or reacting
to a prior move.(24:17).
Fey was able to further classify moves according to logical process.
Although, as noted before, his category system did not enable him to
classify "conditional inferring,' the problem did not arise from the
use of pedagogical moves. Thus, the move was adopted as the unit of
discourse for analysis.

The particular problems Fey encountered with the category of
"conditional inferring" had to be considered if they were not to be
repeated. Although these problems may have been a result of utilizing
fifty categorieg; a closer look is deemed necessary. He reports that
the basic problem arose in distinguishing between ''fact statements' and

"conditional inferring.'" He states that frequently ''soliciting moves

that have the appearance of hypothesizing are actually simple requests

ERIC 49
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ratings was determined as specified by Lucas (45:80) using inter-
corrclation procedures. The results of the calculations are shown

in Table 1 below.

Table 1. Intercorrelations for Analysts?

pnalyst A B .. c
A .96 93
B .94 - 07
c .96 07

The values below the diagonal are correlation
coefficients based on the number of half-line
totals per transcript for conditional moves.
The values above the diagonal are those for
the total frequency of conditional moves per
transcript rated by that pair of analysts.

a A1l coefficients significant (p .05).

PHASE IV
During the last week prior to the close of the first semester,

the Cornell Conditional Reasoning Test--Form X was readministered to

all twenty classes to serve as the post-test measure.
Being unrelated to the major concern of this study, but impor-
tant to future studies which might attempt to predict the utilization

of conditional moves by teachers, the Watson-Glaser Test of Critical

Thinking--Form Y (66) was administered to eighteen of the twenty

teachers. Two declined to respcnd to the test. Correlation coeffi-

cients were computed to determine the relationship between the Watson-

o1
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Glaser total test score and average frequency of conditional moves per
lesson, average frequency of conditional half-line per lesson and aver-
age ratio of conditional half-lines to total half-lines per lesson.
These are presented in Table 3. Raw scores and percentiles are to be

found in Appendix B.

PHASE V

The students in the classes of the ten teachers were selected
to serve as subjects for hypothesis testing purposes. The selection
involved ranking all twenty teachers in three ways:

Method 1: Average frequency of conditional moves

per lesson,

Method 2: Average frequency of conditional half-

lines per lesson.

Method 3: Average ratio of conditional half-lines

to total half-lines per lesson.

These were felt to be the three most appropriate measures of
teacher utilization of the language of conditional logic. The fre-
quency of conditional half-lines can be interpreted as a measure of
time that patterns of this language type are used. The ratio of the
condition half-lines to total half-lines yields a measure of the rela-
tiv~ time spent on this type of move. It was decided tc use the average
frequency of conditional moves per lesson in determining the ten
teachers and the student subjects for hypotheses testing for three

reasons.
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The first reason involved discarding the assumption that the
time it takes to speak is equivalent to the length of the correspond-
ing transcription. It was found that the length of fime it takes to
speak differs to a great extent from teacher to teacher, but the
length of transcription remains rather constant.

For each of the twenty teachers, one segment of an audio-taped
lesson was randomly selected and timed with a stop watch. The segment
was timed until at least five minutes of the teacher's verbal behavior
was obtained. The length of the corresponding transcription was mea-
sured in terms of half-lines. Table 2 presents the data obtained for

each of the twenty teachers.

Table 2. Length of Time Taken to Speak and Length
of Corresponding Transcription for the Twenty Teachers?

Teacher Half-1line total Time (seconds) Half-lines per second
1 187 308 .60
2 225 315 71
3 208 304 .68
4 184 314.5 .58
5 176 313 .56
6 178 306 .58
7 201 301 .67
8 181 312 .58
9 116 311.5 .37

10 231 354.5 .65
11 209 305 .68
12 225 302 .75
13 212 307 .69
14 175 308 .57
15 182 325 .56
16 152 308 .49
17 232 314 .74
18 221 306 .72
19 181 304.5 .59
20 187 324 .58
93
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Xy = .17 for x = half-line total, y = seconds

The numbér of half-lines per second varies in range from .39 to .75
for the twenty teachevrs. The correlation coefficient .17 expresses
the relationship between the seconds taken to utter the number of
half-lines corresponding to that utterance. This clearly indicates
the lack of equivalence between the two measures.

A second finding related to procedural decisions regarded the
differences in rank position resulting from the three methods of rank-

ing. Based on the three methods (rankings presented in Appendix B)

the correlation coefficients presented in Table 3 indicate that these

differences are slight. In future studies only the frequency of move

need be considered, thus facilitating the task of analysis. The

coefficients relating the Watson-Glaser scores are presented in Table 3

also.
Table 3. Intercorrelations for the
Three Methods of Teacher Ranka
Method 1 2 3 f WG
1 -~ .86 .62 -.10
2 .92 - .82 -.04
3 .77 .93 --- -.23

%The values above the diagonal are correlation
coefficients based on the ranks of all twenty
teachers. Below the diagonal, coefficients are

based on the ranks of the ten teachers subsequently
selected.

The feeling that the frequent repetition of a linguistic pattern

CAGUBEAL Y 1 e By e 2SR

AL
ey

and not the duration or percentage of classroom discourse of this

ERIC o4
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pattern, has greater impact on the shaping of student ordinary language
serves as a third reason for selection based on this method of ranking.

Based upon the rank positions assigned with regard to the
teacher's average frequency of conditional moves per lesson, the top
five and bottom five teachers determined the selection of the student
subjects for testing the hypotheses. A one-way analysis of variance
was applied to determine the difference in this frequency measure
between these two groups of teachers.

Utilizing this selection »nrocedure, the two hundred thirty
students enrolled in one of these ten classes served as the sample for
the two-by-three factorial design. The design schemata is presented
in Figure 1. Students were assigned to the "treatment" cells (the
treatments being selected, not induced) upon the bases of their mathe-
matical ability (above average: stanine scores 7, 8, or 9; average:
stanine scores 4, 5, or 6; below average: stanine scores 1, 2, or 3)
and their teacher's relative ranked position (high: one of the top
five rank positions; low: one of the bottom five rank positions).
Only those students having scores on the three measures of pretest,
post-test, and test of mathematical ability were assigned. A more

detailed report of the stanine scores are presented in Appendix B.

35
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Figure 1. Design for Testing Hypotheses

Math Ability
Above Average Average _Below Average
High N =17 N = 61 N = 36
Teacher's Rank
Low N=11 N = 72 N = 33

Dependent Variable: Post-test
Covariate: Pretest

Data from the post-test measure of conditional reasoning
ability was submitted to programs for correlation and for analysis of
covariance for a two-way design, utilizing the pretest measure of con-
ditional reasoning ability as the covariate.

Hypothesis 1. The frequency of utilization of the

Tanguage of can&itiona% Iogic by teachers of seventh

grade mathematics is not related to their students’
conditional reasoning ability.

Hypothesis 2. There is no relationship between
mathematical ability and conditional reasoning

ability.

Hypothesis 3. There is no relationship between a
combination of frequency of utilization of the lan-
guage of conditional Jogic by teachers and mathe-
matical ability of students and student conditional
reasoning ability.

The validity of these hypotheses was tested under the apriori
.05 probability level. The data analysis was accomplished through the
use of the MANOVA (a version of the Clyde Multivariate Analysis of

Variance) computer program, and BMD program 02ZD.
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CHAPTER IV: RESULTS

This chapter consists of two parts. The first part } -esents
the data regarding the teacher verbal behavior analysis and the admin-
istration of the condition:  reasoning tests. The second part pre-
sents the r.sults of data analysis with regard to testing the hypothe-
ses.

Teacher Utilization of Conditional Moves

Tapescripts of five lessons of each of the twenty ran-domly
selected teachers of seventh grade mathematics were analyzed accord-
ing to the teacher's frequency of conditional moves. The results of
this analysis are presented in Table 4. The ten teachers used to
identify the student subjects for testing the hypotheses are indicated
in the table,

Student Conditional Reasoning Ability

The Cornell Conditional Reasoning Test--Form X was administered

to the students enrolled in classes selected for the taping sessions.
Table 5 presents the mean performance on the pre- and post-tests for
each item group, ccmponent, and total for all students tested.

The conditional reasoning test pérformance of students assigned
to the hypotheses testing design is illustrated in Table 6. Presented
are the cell means and standard deviations for each of the teacher
verbal behavior--mathematical ability combinations. Since growth and

development of conditional reasoning ability were at the center of the

o7
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Table 4. Frequency of Conditional Moves
by Original Sample of Twenty Teachers?
Teacher Session _
i i T v v X
’ b
1 48.5 35.5 47.5 32.0  39.5 40.6
b 5 81.5 40.0 29.0 64.0 6.0 36.1
b3 33.5 44..0 29.0 25.0  34.5 32.8
by 32.0 23.5 23.5 3.0 23.5 26.7
b g 33.0 32.0 16.5 28.0  15.0 22.9
6 14.0 21.0 ©  25.0 12.5  29.0 20.3
7 18.5 37.5 . 12.0 22.0 8.0 19.6
8 20.0 17.5 29.0 9.5  18.0 18.8
| 9 15.0 21.0 8.5 26.0  18.5 17.8
10 22.5 22.0 13.0 0.0  21.0 17.7
1 2.5 19.0 15.0 12.5  15.0 17.2
| 12 9.5 20. 5 24.0 15.0  12.5 16.3
13 26.0 7.5 15.0 12.0  13.5  14.8
14 20.5 15.0 10.0 15.0  10.0 14.1
15 10.5 10.5 8.5 23.0  17.5 14.0
® 16 14.0 14.5 16.0 15.0 7.5 13.5
b 17 16.5 8.5 20.0 12.0  16.0 12.6
b 18 30.0 19.5 13.5 0.5  10.0 11.3
b 19 15.5 5.0 20.5 12.0 5.0 9.6
b 20 13.0 10.5 9.5 5.5 3.0 8.3

4 Based on the average totaled by the two analysts.
D Teachers used to identify student subjects for hypotheses testing.
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Figure 2. Basic Principles of Conditional Logic
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Principle
1. Given an in-then sentence,

the affirmation of the if-part
implies the affirmation of the
then-part.

Given an. ii -ihen sentence,

the denial of the if-part does
not by itself imply the denial
of the then-part.

Given an if-then sentence,

the affimmation of the then-
part does not by itself imply
the affirmation of the if-part.

Given an if-then sentence,
the denial of the then-part
implies the denial of the if-
part.

The if-then relationship
is transitive.

An if-then sentence implies its
contrapositive.

The if-then relation is
non-symmetric.

Given an only-if sentence,

the denial of the orly-if part
implies the denial of the major
part.

39

Symbolized Argument

If p, then q.

Tﬁerefbre q.
Valid.

If p, then q.
Not p.

Therefore not q.
Invalid.

If p, then q.
q.

Therefore p.
Invalid.

If p, then q.
Not q.
Therefore not p.
Valid.

If p, then q.

If q, then r.
Therefore, if p,
then r.

Valid.

If p, then q.
Therefore, if not q,
then not p.

Valid.

If p, then q.
Therefore, if q,
then p.

Invalid.

p only if q.

Not q.
Therefore not p.
Valid.

Braar b S
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Figure 2 (continued)

Given an only-if sentence, p only if q.

the affirmation of the major p.

part implies the affirmation Therefore q.

of the only-if part. Valid.

The denial or affirmation p, if, and only if, q.
of one part of an if-and-only- Not p.

if statement implies respectively  Therefore not q.

the denial or affirmation of the Valid.

other part.

Given an only-if statewent, p only if q.
the affimation of the only-if q.
part does not by itself imply Therefore p.
the affirmation of the major part. Invalid.
Given an only-if sentence, p only if q.
the denial of the major part Not p.
does not by itself imply the Therefore not q.
denial of the only-if part. Invalid.
60



Table §.

Mean Performance on Pre- and Post-Test of

Conditicnal Reasoning Ability tor Students

of All Twenty Teachers

51

P G

Pretest Post-Test
N = 459 N = 451
Item Item
Group Count Mean S. D. Mean ,
1 6 3.94 1.57 4,33 1.60
2 6 1.28 1.29 1.34 1.41
3 6 1.16 1.26 . 1.18 1.36
4 6 3.23 1.50 3.55 1.59
5 6 2.36 1.81 3.49 1.79
6 6 2.09 1.80 3.18 1.85
7 6 .63 1.05 1.07 1.40
8 6 3.75 1.68 3.87 1.73
9 6 4.05 1.54 4.47 1.39
10 6 2.05 1.80 3.10 1.86
11 6 2.01 1.74 3.06 1.77
12 6 .61 .98 .96 1.23
CF 48 18.58 6.29 22.80 5.93
SY 12 4.63 1.97 5.84 1.97
d] 12 3.57 2.37 4.97 2,54
NG 43 16.63 6.53 21.25 6.88
Total
Test 72 27.19 9.70 33.60 9,37
61
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question, indices of difficulty and pre- and post-test item group, com-
ponent, and total mean difficulty differences were computed. Table 7
presents the results of these computations in temms of the student sub-
jects having teachers with high rank (TWHR) and those having teachers
with low ranking (TWLR). The mean difficulty indices represent the
mean percentage of students answering correctly to the items included
in the item group. If the index is large, then the items in that item
group were easier. A negative change implies less difficulty from
pretest to post-test administrations.

Reliabilities for the conditional reasoning test:and subtests
were calculated by Ennis and Paulus (21) and are presented in Appendix

B.

ANALYSIS OF DATA
The first analysis required was a one-way analysis of variance
between the two selected groups of teachers. Using the average number
of conditional moves per lesson as the dependent variable, the summary
of this analysis is presented in Table 8. The results assured that the

two groups were significantly different (p < .005) with regard to fre-

quency of conditional move utilization.




Table 7. Change in Mean Difficulty Indices Between

Pre- and Post-Test Measures for TWHR =ad
TWLR Students@

Item ' TWER TWLR

Group Test N = 114 116

1 Pre 4.0 66.5

Post 71.5 70.7

Change -7.5 -4.2

2 Pre 23.0 19.0

Post 26.8 24.3

Change - -3.8 -5.3

3 Pre 22.4 18.4

Post 23.8 20.0

Change - -1.5 -1.6

4 Pre 53.1 51.9

Post 58.9 58.0

Change -5.8 -6.2

5 Pre 33.2 44.4

Post 57.6 61.8

Change -24.4 -17.4

6 Pre 30.0 38.2

Post 51.6 54.9

Change -21.6 -16.7

| 7 Pre 10.8 10.3
| Post -20.0 22.8
Change -9.2 -12.5

8 Pre 62.7 61.8

! Post 67.7 63.2
} Change -5.0 -1.4
9 Pre 66.1 67.2

t Post 73.1 73.7
l Change -7.0 -6.5
10 Pre 30.7 37.8

| Post 54.8 52.7
| Change -24.1 -14.9
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Table 7 (continued) -
Item Test TWHR TWLR
Group Test N = 114 116
]

11 Pre 27.9 37.1
Post 52.5 50.7
Change -24.6 -13.6
12 Pre 5.6 12.2
Post 17.7 18.7
Change -12.1 -6.5
CF Pre 36.6 39.9
Post 48.3 47.8
Change -11.7 -7.8
SY Prw 36.2 38.9
Post 50.0 48.8
Change -13.8 -9.9
A SU Pre 28.9 30.1
Post 44 .8 41.1
Change _ -15.9 -11.0
NG Pre 36.8 39,3
Post 50.8 48.8
Change -14.1 -9.5

Total
Test Pre 35.5 38.3
Post 48.1 47.4
Change -12.6 -9.1

2 A negative change represents less difficulty on the post-test
since a high index indicates less difficulty.




Table 8. Analysis of Variance for Selected

Teachers (TWHR and TWLR)

56

Source daf SS ms F
Between Groups 1 10,883.3 10,883.3 22,3%
Within Groups 8 3,895.0 487
Total 9 14,878.3
*p < .005
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Each of the hypotheses of the study was stated in the null form.
The alpha level chosen was the .05 probability level for significance.
The analysis basic to all three hypotheses was a two-way multivariate
analysis of covariance. Table 9 presents the summary of this analysis
for each of the three variables (teacher frequency of conditional moves
rank, student mathematical ability and interaction). Univariate analy-
ses are also presented but the probability levels must be reported for
the sample, and also for the population. The probability levels cited
for the population are those which allow others to generalize the
results. They represent an inflation of the probability levels pre-
sented for the sample using the equation xp =1~ (1- xs)n.where x.p
and x, are the population and sample probability levels (alpha risk§)
respectively, and n represents the number of univariate analyses. This
inflation is necessitated due to the fact that the item groups are not
ihdependent of the total test.

The mean scores for the ten classes involved were adjusted for
the covariate of pretest performance. Further analysis was conducted
by using the two covariates of prefest performance and mathematical
ability to adjust the TWHR and TWLR group means. Using mathematical
ability as a covariate did not contribute to the adjustmerc of these
means. So for the sake of parsimony, only the pretest as a covariate
was used to adjust post-test means. These adjusted means are presented
in Table 10. Utilizing these means, coefficients of correlation were

calculated for the total post-test score and each item group post-test

score. These coefficients are presented in Table 11,
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Table 11.

Correlations Between Post-Test Total and Subtest

Scores and the Factors of Mathematical Ability and

Teacher Frequency of Conditional Moves

62

Frequency of Mathematical
Conditional Moves Ability
Item
Group
1 .220 -.070
2 .060 .450
3 .128 .646
4 .212 .042
5 -.077 .076
6 .041 -.095
7 -.219 -521
8 .422 .046
9 .118 -.052
10 .329 -,133
11 .273 .184
12 -.145 .244
CF -267 244
SY 2348 .161
U -5% 2404
NG 2519 -207
Total 429 2473

Notes: 1. These are based upon the adjusted means after the removal
of covariate of pretest performance. I

2. A correlation that is significant (p < .05) is underlined.
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The decision to reject or not to reject the individual hypothe-

ses was based on the analyses of data presented on the preceding pages.

thesis 1. The frequency of utilization of the language
of conditional logic by teachers of seventh grade mathe-
matics 1s not related to their students' condltional rea-
soning ability.

The decision to reject this hypothesis was supported by the
result of the analysis of covariance and the subsequent correlation
coefficient calculations. After adjustment for the covariates of pre-
test total score and mathematical ability there were significant dif-
ferences between the teacher verbal behavior groups on the total test
(p < .072) and two item groups (8 and SU; p < .003, p < .008). The
corresponding coefficients of correlation for these three measures were
.429, .422, and .536 respectively.

Hypothesis 2. There is no relationship between mathe-
matical ability and conditional reasoning ability.

Hypothesis 2 was rejected for the same reasons given for reject-
ing Hypothesis 1. After adjusting for the covariate of pretest total
score, significant differences exist>d between the mathematical ability
levels. Comparisons of the adjusted means for these levels on the
total test and item groups 2, 3, 5, 7, CF, and SU, all of which exhibi-
ted significant differences (p < at least .048) for this variable were
not calculated. This decision was based upon the fact that the study
was descriptive, not experimental. Instead, the means were used to
calculate coefficients of correlation presented in Table 11. For the

measures exhibiting significant differences, the coefficients were

'7’3




.473 (total post-test), .450, .646, .076, .521, .446, .404 (item
groups 2, 3, 5, 7, CF, and SU respectively). .
gzgothesis 3. There is no relationship between a com-
ination of frequency of utilization of the lan e of
conditional losic Bg teachers and mathematical aEi%igz

of students and student conditional reasoning abi 1ty.

This hypothesis could not be rejected for the total test or
item group measures. The multivariate test F-ratio was so small

(P < .733) that none of the univariate F's could be considered sig-

nificant.
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CHAPTER V: SUMMARY AND CONCLUSIONS

In this chapter a summary of the study, an interpretation of

the results, conclusions, and recommendations for future studies are

presented.

Statement of the Problem and Procedures

This study made an attempt to integrate the research domain of
analysis of teacher verbal behavior and the body of knowledge emanating
from the psychological and linguistic analyses of the growth and devel-

opment of children's logical abilities. This attempt took the form of

'answering the general empirical question of whether or not the fre-

quency of teacher utilization of the language of conditional logic is
a significant variable in shaping student ordinary language into the
useful conditional reasoning component of critical thinking.

A two-by-three factorial design was utilized to ascertain the
relationship between the frequency of teachers' utilization of the
language of conditinnal logic and their students' conditional reason-
ing ability.

Prior to the beginning of schorl, twenty teachers of seventh
grade mathematics were randomly selected from a large metropolitan
school system. Students enrolled in one intact class of each teacher

were administered the Cornell Conditional Reasoning Test--Form X during

the first month of school. Five lessons presented to this same class

for ecach of the twenty teachers were audio-taped and analyzed according

7S
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hmetic<zgst--Leve1“§ during
the second month of school,

Students were assigned to the six groups
of the two-by-

three factorial design illustrated by the the following:

Mathemati.:n1 Ability

Above Average Average Below Average
High N =17 N =61 N =36
Teacher
Rank
Low N=1 N =72 N =33
SAMPLE

DEPENDENT VARIABLE: Post-test Scores of conditi

onal reasoning ability
adjusted for the pretest as

a covarjate.
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INTERPRETATION OF RESULTS

General Qualifications

Two important qualifications should be kept in mind as one
reads this section. First, since the students were not randomly
assigned to the cells, other factors may be affecting the outcome.

For example, reading abilities, intelligence, and other variables may
be different between the treatment groups. This fact is not crucial to
the hypotheses since no causal inferences are made. But it has to be
considered if results of future studies differ with regard to the
degrees of relationship as expressed by the correlation coefficients
which are reported herein.

Second, the growth in conditional reasoning abilities for the
groups of TWHR and TWLR students as evidenced from improvement in scores
between pre- and post-test measures could be due to several other causes.

Possible causes of improvement in scores are:

1. The taking of logic tests that result in the

learning of logic or in the learning of how
to take this and other tests (test-wiseness).

2. Other school influences.

3. Influences outside of school.

These factors are somewhat related to the first qualification
discussed above. They are presented here more to indicate areas for
improvement in designing future studies than as threats to internal
validity of this study.

The first factor is self-explanatory and is always a concern of

a protest-post-test design. Other school influences could include the
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verbal behavior and subject matter presentations of the students' non-
mathematics teachers. The verbal behavior of fellow students could be
having an effect as well. In the past, studies have shown that most of
the talking in the classroom is produced by teachers but peer verbal
behavior might still be considered as a cause.

In a similar manner, the verbal behavior of the parent could be
a significant variable in the development of logical reasoning ability.
The type of verbal behavior presented in books (read for pleasure or
for school assignments) would be another example of this type of pos-
sible cause.

Hypothesis 1

The relationship between students' conditional reasoning ability
and their teacher's frequency of conditional moves was found to be
significant for various scores on the post-test. Amplification and
qualification of these relationships follow.

A. Total Scores

The situation in comparing total scores can be seen in
various ways. One way is through visual comparison of the mean pre-
and post-test total scores presented in Table €. No large improvement
differences are noted between the cells. There is just a slight dif-
ference between teacher rank groups in favor of the students' having
tcachers with high rank positions (averages 8.30 and 6.37 for TWHR and
TWLR respectively).

Another measure of this growth relative to the two teacher
verbal behavior groups is presented in Table 7. Notice that although

the TWLR's had less difficulty on the pretest than the TWHR's, they
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had more difficulty on the post-test when compared with the TWHR's.
The degree of change might be an indication of greater growth by the
TWHR's but it might also be an indication of regression toward the
mean.

The summary of the analysis of covariance (Table 9) indi-
cates a significant difference (p < .027) favoring the TWHR's. This
is evident from observation of Table 10 which illustrates the adjusted
means for the two covariates of mathematical ability and pretest.

The degree of relationship between teacher frequency of
conditional moves and their students' conditional reasoning ability is
expressed by the correlation coefficient of .429 in Table 11. Being
. significant at the .05 level, Hypothesis 1 must be rejected for the
post-test measure.

B. Item Group Scores

As exhibited by the tables, the situation is roughly the
same as viewed through the component scores. The mean difficulties
on the pretest favored the TWLR's. The TWLR's had less difficulty on
eleven of the sixteen item group pretest measures than the TWHR's.
On seven of these same eleven item group post-test measures, the TWIR's
had greater difficulty than did the TWlR's. The degree of change for
all but four of the item groups favored the TWHR's. Regression may
be invo’ved but it seems rather difficult to accept this alternate
hypothesis for the differences in change in difficulty indices. The
TWIR's have performed better on the post-test, significantly so for

at least two of the item groups as exhibited in Table 9.
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Item group eight involved the principle having the form
"p only if ¢, not q : p". The difference is reported significant
at the .003 level but the multiple analyses of covariance necessi-
tates inflation to the .047 level. The seemingly significant .008
level for the SU variabl~ really is not since inflation yields a prob-
ability level of .121.

However, the coefficient in Table 11 for the component of
SU, which refers to items of suggestive content, is quite high
(r = 0.536) relative to the others. It is also significant at the
.05 level. This would lead one to interpret this as indicating that
the TWHR's were not trapped by the items which were emotionally based.
This appears to say that the TWHR's were more concerned with the
logical form rather than the content in contrast to the TWLR's.

The other content type which some researchers have found
to be difficult for younger subjects (cf. Roberge (56), Hill (32))
are those involving negation. This group of items is represented by
NG. Notice that the probability level of .011 is listed for this
group type in the analysis of covariance. Inflation of this sample
alpha-risk puts it above the apriori alpha of .05.

But Table 11 indicates a relationship almost as strong as
the SU group and stronger than that for the total test. Again this
favors those students with teachers using greater frequency of condi-
tional moves. An investigation of the tapescripts of the teachers
does not yield evidence to support a statement that the negative is
used with any regularity in conditional moves ¢ . ¢ = cf the teachers.

This finding is unaccounted for by the analysis of iapescripts.
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Hypothosis 2

It appears that mathematical ability is a better predictor of
conditional reasoning ability than.membershiﬁ in a class whose teacher
uses a greater frequency of conditional moves. This might also be
accounted for because of the positive relationship existing between
mathematical ability and intelligence. Intelligence, it was noted
above, is related to logical reasoning ability, so there could be a
transitive situation involved.

A. Total Scores

Similar to Hypothesis 1, visual comparison of the mean
pre- and post-test scores present a rough unsophisticated comparison
for the mathematical ability levels. Again, no large improvement dif-
ferences are observed (6.87, 7.60, 7.53 for above average, average, and
below average respectively). However, there was a significant differ-
ence (p < .003) for the mathematical ability variable as a result of
analysis of covariance (see Table 9). Typically in the testing of a
causal hypothesis, post hoc procedures would involve comparisons of the
three level means. This not being the case for this study, further
information is supplied by Table 11. The coefficient of correlation
is registered as .473, significant at the .05 level.

B. Item Groups

Students with greater mathematical ability scored higher
on several of the item groups as well as the total test. Table 9
yields evidence of this relationship for item groups 2, 3, 7, and CF.
The interesting feature of the principles tested in item groups 2, 3,

and 7 is that they express what are called the basic fallacies of
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conditional logic (as opposed to the basic validities). Their basic

forms are as follows:

Item
Group Title Form Answer
p 2 Fallacy of denying If p; then q Maybe
the antecedent not p
:not q
3 Fallacy of asserting If p, then q Maybe
the consequent q
+ P
7 Fallacy of asserting If p, then q Maybe
the converse : if q, then p

Arguments in these forms can only be answered "maybe." Their truth-

status is not known from the given premises.

About fallacious arguments, Aylesworth and Reagan (2)
{ write, '""One of the problems with fallacious arguments is that they
do often convince people." (2:69). '. . .If we are to encourage
learners to develop skills in critical thinking, part of our task
is to aid them in identifying and avoiding mistakes in reasoning."
(2:33). This finding then is quite interesting in view of the rela-
tively high correlation coefficients of .450, .646, and .521. This
may be interpreted to mean that students with lower mathematical
ability ". . .seem better able to tell that something which follows,
does follow; than that something which does not follow, does not
follow." (21:V-30).

Interesting too is the finding of Ennis and Paulus (21)
that the fallacy principles are ". . .the most difficult at ages

' : 10 - 12, there is great improvement in knowledge of these principles
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as students grow older.' (21:V-30). After teaching logic to students
in grades 5, 7, 9, and 11, they found that these item groups were the
only ones for which they were able to obtain significant differences
as compared to those not taught. And it only occurred at the eleventh
grade.

Whereas the other significant correlation coefficients
might be due to the relationship between intelligence and mathematical
ability, these three must be held in greater esteem.

The CF component (concrete familiar items) was found to be
significant at the .006 level after analysis of covariance. Inflation
does not yield significance (p < .09). The coefficient of correlation
of .446 must be considered in reference to the other content types.
Notice a fairly high coefficient for the SU (suggestive content) of
.404 and the lower one for NG of .207. Nothing can be said about the
non-significant SY component. Basically these coefficients indicatz
that stgdents with high mathematical ability do better on item types
in the following order: concrete familiar content, suggestive content,
and negative content. They also indicate that mathematical ability
is a fairly good predictive variable for the item types of concrete
familiar and suggestive content. Thus Hypothesis 2 must be rejected
with qualification to item content types and principles under considera-
tion.

Hypothesis 3

Finding + significance for any interaction of teacher utiliza-
tion of conditionals combined with student mathematical ability came

as a svrprise to the investigator. This lack of significance might
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be explained, at lcast partially by considering Piaget's findings.
Piaget says that there is a limit to the logical abilities of chil-
dren for a given age group. Maybe the students with high mathematical
ability had reached this limit with respect to their age. It was the
particular combination of high mathematical ability and high frequency
of conditional moves by the teacher that was apriorially considered
as a combination that would yield significance. But without signifi-
cant differences, Hypothesis 3 cannot be rejected.

One further word about the rejection of Hypotheses 1 and 2
seems in order. It was felt that initial differences in mathematical
ability between the two groups TWHR and TWLR might be loading in
favor of the TWHR group. Table 12 presents the distribution of
student mathematical ability stanine scores for each cell of the
design. Since the TWLR group above average mathematical ability cell
mean is higher than the mean of the TWHR group, and the total group
means of mathematical ability differ by only .08, it seems that this
alternate hypothesis is to be rejected. That is, the mathematical
ability does not seem to be loading in favor of the TWHR group.

Another alternative hypothesis for the strength of the rela-
tionship found between the teacher frequency of conditional moves and
fheir students' conditional reasoning ability has been offered by one
of the teachers. At the time of the first administration of the con-
ditional reasoning test he commented that he felt that his students
would have difficulty reading the items. Although he later said that
the students did not have great difficulty the fact remains that the

criterion measure involved reading ability.
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In order to determine the possibility of loading in favor of

the TWIR's, scores on the California Comprehensive Reading Test were

obtained for the student subjects. Table 13 presents the total test
score ccll means for teacher ranks crossed with reading ability (above
average: stanine scores 7, 8, 9; average: starines 4, 5, 6; below
average: stanines 1, 2, 3).which have been adjusted for the pretest
measure as a covariate. Since the question deals with reading ability,
certainly if there was a loading factor it would have occurred for the
above average groups. That is, the above average groups should not
have had difficulty reading the items. Therefore, if it was reading
ability and not the teacher verbal behavior, then the mean for the
TWHR's vould not be significantly different from that for the TWLR's.
The means differ by almost three points and this is significant (p <
.05). As far as loading in favor of one group, Table 14 presents the
distribution of student reading abilities for each cell. The same
situation is true for reading as it was for mathematical ability. There
does not appear to be a loading in favor of the TWHR's.

This finding also sheds some light on another area of concern.
It has been argued that the student's ordinary language is shaped by
the teacher's use of conditional moves. The measure of the student's
reasoning ability was based on a written test in which the student's
reading ability as well as his use of language was involved. It might
be argued that this measure is more a measure of reading ability than
it is of logical reasoning ability. This led to the calculation of
correlation coefficients for reading ability and test scores. For the

total test, r = .671, which is significant (p < .01). Significant
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correlations were also found for the item groups of concrete familiar
content (r = .648), suggestive content (r = .521), and negative con-
tent (r = .516).

This supports the argument that the test measures reading
ability. It also supports the work of those who have developed lan-
guage enrichment programs with the intent to enhance logical reason-
ing ability (eg. Bereiter and others). But the comparison of the
reading abilities between the TWHR's and TWLR's presented in Table 14
leads one to believe that the test measures something in addition to
reading ability, The way in which the test has been constructed leads
this investigator to believe that it is valid (both content and con-

struct-wise), and is measuring conditional reasoning ability.

CONCLUSIONS

This study set out to begin construction of a bridge between
descriptive analyses of teacher verbal behavior and student logical
reasoning development. One guy wire has been placed. The results of
this study indicate a positive relationship between teacher utiliza-
tion of conditional moves and student conditional reasoning ability.
This is not to say that such utilization will cause or in any way
affect this ability. The surest way to fall into the chasm is to
place too much weight on the bridge. The weakness of the bridge in
its present form is to be realized. More is to be said in relation
to bolstering it in the section entitled 'Recommendations."

The relationship existing between teacher frequency of condi-

tional moves and student logical abilities is differential in nature.
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Since therc were twelve basic principles of conditional logic and four
content types tested, this is a logical finding. In particular this
relationship was found to exist for the total test score and two item
group scorcs. The most interesting of the latter was the negative com-
ponent.,

The ability to recognize fallacious arguments as well as the
ability to perform well on a test of conditional reasoning is posi-
tively related to mathematical ability.

For the benefit of future studies, it can be concluded that the
method of "microcriteria of effectiveness'" can be used effectively in
analyzing teacher verbal behavior. The move of analysis in this
direction appears to hold a wealth of potential, especially in view
of the findings.

Also, for future studies, it is now known that the length of
a transcription of verbal behavior is not Closely related to the length
of time it takes to speak. And random selection of twenty teachers
(possibly less) should be sufficient to find significant differences

in the frequency of linguistic pattern utilization.

RECOMMENDATIONS

Recommendations relative to this study will be considered in two
parts: those for future research efforts and those for educational
practices.

Future studies dealing with teacher verbal behavior analyses and
those whose concern is logical reasoning ability development may be

able to benefic from the findings. First, this study indicates that

30
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the variables of teacher frequency of conditional moves and student
mathematical and reading abilities should be controlled in studies
measuring student logical reasoning abilities. Studies cited in
chapter two of this report in which mthods and materials were tested
relative to student critical thinking abilities, did not exhibit
significant differences. If the variables found to be related to
logical reasoning ability in this study had been considered and
controlled, the results might have been different. For example,
significant differences in logical reasoning might not have magically
appeared but the explanation for their absence would have been clearer.

Another explanation for non-significant findings of these studies
would be the variables associated with adventitious learning. The
results of this study indicate that future studies dealing with advent-
itious learning can expect to yield evidence of broader implications
for educational practices. In addition to the learning of conditional
reasoning, other cognitive developments may be found to be influenced
by adventitious learning.

Typically a descriptive study should be followed by one of an
experimental nature. This may not be possible in this case due to the
very nature of adventitious learning. The learning stimulus being a
natural quality of teacher language may make manipulation next to imposs-
ible. Not that teacher verbal behavior itself cannot be modified, but
to do so would have an effect of increasing threats to both internal and
cxternal validity. Modification of teacher verbal behavior would tend
to enter biases plus the incidental instructional situation would be

lost. It may also be the case that an artificially induced increase ia
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the frequency of conditional moves would not have the same degree of
effectiveness as that of a n tural use of conditional moves.

This study does indicate that the eyploﬁent of the technique of
microcriteria of effectiveness can contribute to the analyses of teacher
verbal bchavior whether or not the analyses are conducted within the
realm of adventitious learning. Concentrating on only one specific
aspect of the teacher's verbal behavior facillitates both analyses and
interpretation. If a theory of adventitious learning is to be developed
the employment of this technique is highly recommended.

For future procedural decisions regarding the unit of discourse to
be used in measuring the utterances of teachers, the pedagogical move
and not the length of transcription should be considered. This study
found that the move was well defined and easily understood by analysts.
The half-line is well defined but not related to the length of time it
takes to speak. For adventitious learning studies, the frequency of
the linguistic pattern under observation is much more important than
its transcription length.

To make recommendations for changes in educational practices steps
beyond the data. But s’areness of relationships establishes partial
support for opinions regarding the teaching act.

Adventitious learning of logic su€gests several implications for
teaching. First, teachers should be made aware of the effect that their
utilization of language may have on their students. If they decide that
it would be advantageous for them to modify their verbal behavior in
order to increase their frequency of conditional moves, they wou'd find

support from this study. Likewise, teacher educators would do well to
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consider the need for more concern for teacher use of language.
Attempts should be made to increase the frequency of logical operations
of teachers through inclusion of discussion and practice of these moves
in training programs.

Authors of textbooks and instructional materials should consider
including contexts which would provide a natural opportunity for
teachers to utilize the conditional move. For example, in mathematics,

problems could be presented in the following format:

6+4=10 =p 10-[]=6
The teacher could stress using one sentence to provide information to
help solve the problem implicit in the other sentence. In doing so, he
may be found to have increased his frequency of conditional moves.

One last recommendation seems in order. Although adventitious
learning had been discussed at great length in this report and several
cognitive factors may develop as a result of this type of learning, it
is not sugge- ted that all things can be learned in this manner. There
is no replacement for formal or intentional learning which occurs in
our educational institutions. The hope is that the presentation of
materials by teachers will be enhanced by greater knowledge of

adventitious learning. It is to this end that this study has been

conducted.



APPENDIX A
INSTRUMENTS USED IN THE STUDY
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THE CORNELL CONDITIONAL REASONING TEST--FORM X (19)

The test contains seventy-two items in twelve item groups
of six items apiece. Each group of six items embodies a princi-
ple or combination of principles of conditional logic. (The
principles are listed along with their logical forms in Figure 2.)
The six items within any group are scattered so that no two appear
on any one page. Each item group contains four concrete familiar
items, one symbolic item, and one suggestive item. These content
types are presented on page 11.

There are three choices for each item-- YES, MAYBE, AND NO--
which are explained in the directions.

Individual item group reliabilities are presented in Table 16.




THE CALIFORNIA COMPREHENSIVE ARITHMETIC TEST--LEVEL 3 (16)

This test consists of three parts: Computation, Concepts,

and Applications. Each part is described in the following section.

The average score on each part was used to gain a total test score

and corresponding stanine score for each student. These stanine

scores were based on national averages.

Part I.

Part II.

Computation

Forty-eight items are equally distributed
among the four fundamental operations of
addition, subtraction, multiplication and
division.

Cencepts

Presented are thirty items measuring the
ability of the student to recogrize and/or
apply the appropriate concept and :technique;
the ability to convert concepts expressed in
one numerical, verbal, or graphic form to
another form; the ability to comprehend
numerical concepts and understand their
interrelationships; and the ability to organize

all facts in more complex questions. The con-

‘tent includes a variety of categories of items

based on the number system (integers, fractionms,

36
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Part III:

percents, decimals, exponents), measurement
(money, time, length, area, volume, weight,
scientific), algebra, geometry, statistics,
and logic.
Applications
Presented are twenty items in which the empha-
sis is placed upon problem-solving. The tasks
required in this part involve the ability to
comprehend the problem, select the appropriate
method for solving, organize all facts in total
problems of a more complex nature, and solve for

the correct answers.
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WATSON-GLASER CRITICAL THINKING APPRAISAL (66)

The Critical Thinking Appraisal is designed to provide prob-
lems and situations which require the application of some of the
important abilities involved in critical thinking. It can serve
both as a test to measure several of the major factors involved
in ability to think critically and as a tool to aid in developing
that ability. Its items are mostly of a realistic type, involving
problems, statements, arguments, and interpretation of data similar
to those which a citizen in a democracy might encounter in his daily
life as he works, reads the newspaper, hears speeches, participates
in discussions on various issues, et cetera.

The subtests are as follows:

Test 1. Inference (twenty items). Designed to sample

ability to discriminate among degrees of
truth or falsity or probability of certain
inferences drawn from given facts or data.

Test 2. Recognition of Assumptions (sixteen items).
Designed to sample cbility to recognize unstated
assumptions in given assertions or propositions.

Test 3. Deduction ° wenty-five items). Designed to
sample ability to reascn deductively from
given premises; to recognize the relation of

implication between propositions; to determine
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whether what seems an implication or necessary
inference between one proposition and another

is indeed such;

Interpretation (twenty-four items). Designed

to sample ability to weigh evidence and to
distinguish between unwarranted generalizations
and probable inferences which, though not con-
clusive or necessary, are warranted beyond a
reasonable doubt.

Evaluation of Arguments (fourteen items). Designed
to sample ability to distinguish between arguments
which are strong and important to the question at
issue and those which are weak and unimportant or

irrelevant.
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THE LANGUAGE OF CONDITIONAL LOGIC: A CLASSIFICATION SYSTEM?

The entries contain an antecedent, that is, the conditional
part of a statement. In the sentence '"When it rains, the streets are
wet'' the phrase 'When it rains'" is the antecedent. The phrase "‘the
streets are wet" is the consequent. The entries which make up this
Category give an antecedent. Sometimes they give both an antecedent
and a consequent. But they never contain a consequent alone.

An example of an entry containing an antecedent only is: "If
that diagonal (in rhombus) is giver as 12 and this angle is 60, what
is the angle at C and at A?" The antecedent is "If that diagonal is
given as 12 and. the angle is 60". The consequent asked for by the
question is the size of the angle at C and A. In all cases where the
antecedent alone is given, the entry requires that the consequent--
effects, result, outcome, etc.--be supplied as the answer.

Consider an example of an entry containing both an antecedent
and a consequent: "If we multiply everything by 1, we still get 14".
The phrase "If we multiply everything by 1" is the antecedent, and "we

still get 14" is the consequent.

CRITERIA FOR CLASSIFYING ENTRIES
(Examples with " * ' were obtained from excerpts of tapescripts

acquired in a sevevth grade mathematics class taped on 5/6/71.)

4 Adapted from Smith and Meux (61).
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Soliciting a result:

The antecedent gives a condition or operation, and the question

uses expressions like 'what happens,' "effect,” "influence,"

"result," "get," '"gain," '"'give," ect.

*1.1 'what happens when you multiply by ten?"

*1.2 "Multiplying by ten does what to your decimal point?"

Seliciting an action:

The antecedent gives a condition, and the question uses such

expressions as '"what do you do," '"what do we do,'" 'what should we

write," "where do we put it," etc.

*2.1 "What do we do when we ﬁultiply by ten?"

*2.2 '"What has to be done if the decimal is in front of the 27"

Soliciting an identification:

The antecedent gives a condition, and the question asks how some-

thing may be identified, explained, classified, defined, called,

compared to something else, etc.

*3.1 "If you have this zero here, it's what?"

*3.2 "This ten to the negative two, what are we going to call it?"

*3.3 "If the exponent up here is negative, then it means what?"

*3,4 '"When you multiply by a hundred, what's that have to do with
multiplying by ten?"

Soliciting a quantitative answer:

The antecedent gives a condition and the question uses such

expressions as 'how much,'" "how long,'" 'how many,'" etc.

*4.1 "If you puti the decimal point here, how many numbers are

behind the decimal point?"
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*3.2 "If this is 3 inches and this is 5 inches, how long is the
whole thing?"
Stating a result:

The antecedent gives a condition and the consequent refers to

what happens, what the result is, what the answer is, etc.

*5.1 "If you drop it (decimal point) straight down, you get some-
thing that's wrong."

*5.2 '"If you write it any other way, it'll still work out."

*5.3 "If we multiply by two that's going to get 14 “undredths."

Stating an action:

The antecedent gives a condition and the consequent refers to

what has to be done, what should be done, etc.

*6.1 "Where you have a thing like this, write it down and do
your multiplication.'

*6.2 "If you have a specific problum, come see me."

%6.3 "If you didn't realize this was multiplication by a power
of ten, you could have written out 263 point 5 then under
it point 0, 1."

*6.4 '"When your exponent up here is positive, you're moving your
decimal point to the right."

Stating an identification:

The antecedent gives a condition and the consequent refers to a

classification, a definition, a name, etc.

*7.1 "If it's the first place after the decimal, it's tenths."

*7.2 "When you have this zero here, it's twenty."
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*7.3 "I you multiply it by 2 first, and then by 10, it's the
same thing as multiplying it by twenty."
8. Stating a quantification:
The antecedent gives a condition and the consequent refers to
length, length of time, rate, how many, etc.
*3.1 "If you subtract, you find this board is 4 inches longer."

*3.2 "When you travel for 4 hours, you go 160 miles."
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Table 16. Test-Retest Reliability Estimates on the
Cornell Conditional Reasoning Test?

Item

Group Mean S. D. r
.

1 4.5 1.3 .56
2 1.8 1.6 .48
3 1.7 1.4 S .34
4 4.0 1.5 .27
5 3.9 1.6 .58
6 3.8 1.6 .40
7 1.6 1.7 .38
8 4.9 | 1.2 .57
' 9 4.6 1.2 38
10 4.2 1.7 .54
11 3.9 1.4 .39
| 12 1.1 1.4 .55
CF 27.1 5.5 .63
SY 6.6 1.9 .50
SU 5.9 1.9 .40
Total 33.6 9.3 .85

a
Reported by Emnis and Paulus (21). Total reliability was calculated
using data from present study.
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Table 17.

Change in Mean Difficulty Indices From
Pre- to Post-Test for All Students Taking Both

97

Item
Group Pretest Post-Test Change
1 65.6 72.7 6.6
2 23.3 22.5 -0.8
3 19.3 19.6 0.3
4 53.7 59.3 5.6
5 39.4 58.1 18.7
6 34.9 53.2 18.3
7 10.5 17.9 7.4
8 62.5 64.4 1.9
9 67.5 74.6 7.1
10 34.2 51.7 17.5
11 33.5 51.0 17.5
12 10.1 16.0 5.9
CF 39.7 47.6 7.9
SY 38.5 48.7 10.2
U 29.8 41.5 11.7
NG 40.6 40.5 8.9
Total 37.7 46.7 9.0
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Table 18. School ADC Percentages for the Samples2

I. Original Sample:

0- 4% 10 Schools
5- 8% 4 Schools
9 - 12 % 0 Schools
13 - 16 % 1 Schooi
17 - 20 % 2 Schools
21 - 30 % 2 Schools
40 - 50 % 1 School
IT. Final Selected Sample:
TWHR
0-4% 3 Schools
5-8% 2 Schools
TWLR
0-4% 4 Schools
46 % 1 School
a School-system-wide average: 12 %
1C8
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Table 19. Teacher Scores and Percentiles on Watson-Glaser Test®

Teacher Score Percentile
b 1 B 69 10
b 2 73 20
b 3 86 84
b 4 90 95
b 5 80 54
6 83 69
7 77 38
8 declined to complete test
9 90 95
10 94 08
11 83 69
12 declined to complete test
13 81 58
14 87 86
15 74 25
b 16 82 63
b 17 91 97
b 18 79 51
b 19 ‘ 88 89
b 20 73 20

4 Percentiles based on raw scores of incoming master's candidates in

1(:he Cg%t)ege of Education of The Chio State University for five years
n = NS, .

b Teachers used to identify the student sample for hypotheses testing,
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